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[57] ABSTRACT

An apparatus for drawing a pattern of a photoresist on
a substrate has a nozzle for discharging the paste and a
substrate-supporting table movable along the X and
Y-axes relative to the paste drawing opening of the
nozzle. The nozzle is fixed to a Z-axis table which
carries an optical displacement meter which measures
the clearance between the substrate and the paste dis-
charging opening. According to the results of the mea-
surements, the Z-axis table is moved toward and away
from the substrate so that the clearance is maintained at
a desired distance. The optical displacement meter has a
measuring point on the substrate. The measuring point
is positioned so as not to interfere with the paste line
which is drawn on the substrate with paste discharged
from the nozzle.

5 Claims, 8 Drawing Sheets
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APPARATUS FOR DRAWING PASTE PATTERN
ON SUBSTRATE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an apparatus for
painting a desired paste-pattern on a substrate by mov-
ing the substrate and a paste discharging nozzle rela-
tively to each other and applying paste to the relatively
moving substrate.

2. Description of Prior Art

Japanese Unexamined Patent Publication No.
2-52742 discloses an art in which a desired pattern of a
resistance is formed on a substrate by discharging paste
of the resistance from a paste discharging nozzle onto
the substrate which is being moved relatively to the
paste discharging nozzle. In such a conventional art, if
the clearance between the substrate and the nozzle var-
ies during a pattern drawing operation, the drawn paste
pattern loses a desired sectional shape. Therefore, to
maintain a predetermined clearance between the sub-
strate and the nozzle, a sensor is employed to monitor
the clearance therebetween. Preceding the nozzle mov-
ing relatively to the substrate, the sensor detects undula-
tion (flatness) of a portion of the substrate to which the
paste is applied. A predetermined clearance between
the nozzle and the substrate is maintained based on the
detected undulation, for example, by shifting the nozzle
accordingly.

In the conventional art, such a sensor is fixed to a
nozzle mounting means. If a paste pattern to be drawn is
of one-way straight line so that the direction of the
relative movement of the nozzle with respect to the
substrate does not vary, a predetermined clearance
between the nozzle and the substrate can be maintained
since the sensor correctly detects undulations of the
surface of the substrate. However, if a paste pattern to
be drawn includes a curved portion or a rectangular
portion so that the direction of the relative movement
thereof varies, the sensor does not always precede the
nozzle as viewed from the substrate moving with re-
spect to the sensor and the nozzle. The sensor may be at
a lateral side of or behind the nozzle according to the
direction of the relative movement thereof which var-
ies. Therefore, as the direction of the relative movement
of the nozzle varies, a sensor’s measuring point on the
substrate, which is slightly spaced from a paste applica-
tion point on the substrate, may come close to or move
across a line of the paste pattern drawn even if the
nozzle tip is not close to or facing the drawn line of the
paste. In such a case, the pattern of the applied paste
causes an error in the measurement of the clearance
between the nozzle tip and the substrate. The detection
of undulations of the substrate surface fails, resulting in
an inaccurate measurement of the clearance between
the nozzle and the substrate.

If the clearance between the nozzle and the substrate
is not accurately measured, the drawn paste pattern will
have varying sectional shapes because the amount of
paste discharged from the nozzle per unit of time is
constant. For example, at a position where the clear-
ance between the substrate and the nozzle is close, the
line of the paste pattern becomes wider. In a place
where the clearance is larger, the past line becomes
narrower. The height of the drawn paste pattern also
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varies accordingly. Thus, the paste pattern fails to have
consistent sectional shapes.

SUMMARY OF THE INVENTION

The present invention is intended to solve the above
problems and has an object to provide a paste pattern
drawing apparatus which maintains a consistent width
of a paste line during drawing of any desired paste pat-
tern.

It is another object of the present invention to pro-
vide a paste pattern drawing apparatus which can main-
tain substantially the same height of a paste pattern
during drawing of any desired paste pattern.

In one aspect of the present invention, there is pro-
vided a paste pattern drawing apparatus including a
table having a top portion which supports a substrate; a
paste container for containing paste of a photoresist;
and a nozzle connected to the paste container and hav-
ing a paste discharging opening which faces a top sur-
face of the substrate supported by the table. At least one
of the table and the nozzle is movable relative to the
other in at least one of two directions perpendicular to
each other. The paste is discharged from the nozzle
while at least one of the table and the nozzle is moved
relative to the other in at least one direction so that a
desired pattern of the paste is drawn on the substrate.
The apparatus further includes displacement measuring
means for measuring a clearance between the substrate
and the paste discharging opening of the nozzle; and
clearance adjusting means for adjusting the clearance
between the substrate and the paste discharging open-
ing of the nozzle according to a result of the measure-
ment provided by the displacement measuring means so
that the clearance is maintained at a desired distance.
The displacement measuring means has a measuring
point on the substrate. The measuring point is posi-
tioned on a first line passing a paste applying point on
the substrate to which the paste discharged from the
nozzle falls and having a certain angle to a second line
passing the paste applying point and being parallel to a
direction of the relative movement of the substrate and
the nozzle. The measuring point is spaced by a desired
distance from the paste applying point.

According to a preferred embodiment of the present
invention, the angle is substantially 45°. Further, it is
preferable that the means for moving the displacement
measuring means is so structured as to move the mea-
suring point such that the measuring point precedes the
paste applying point as viewed in the direction in which
the nozzle is moved relative to the substrate.

According to another aspect of the present, the dis-
placement measuring means of the paste pattern draw-
ing apparatus of the class pointed out above includes
control means and a plurality of clearance measuring
means disposed around the nozzle to measure the clear-
ance between the paste discharging opening of the noz-
zle and the substrate. The table and the nozzle are rela-
tively movable in the two directions perpendicular to
each other. The control means selectively operates the
plurality of clearance measuring means according of the
direction of the relative movement between the nozzle
and the substrate, determines the value of the clearance
between the paste discharging opening of the nozzle
and the substrate based on the results of the measure-
ments obtained from the selected clearance measuring
means and inputs the thus determined clearance value
to the clearance adjusting means.
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According to still another aspect of the present inven-
tion, the clearance measuring means of the paste pattern
drawing apparatus of the class pointed out above in-
cludes a supporting member movable back and forth
relative to a surface of the substrate on the table, which
surface faces the paste discharging opening of the noz-
zle. The displacement measuring means includes: con-
trol means and clearance measuring means which has
one measuring point on the surface of the substrate and
which is mounted on the supporting member so as to be
rotatable about the axis of the nozzle. The control
means rotates the clearance measuring means about the
nozzle according to the direction of a relative move-
ment of the nozzle with respect to the substrate so that
the measuring point is located at a position where the
measuring point does not interfere with a paste line
drawn on the substrate with paste discharged from the
nozzle, i.e., where the measuring point neither moves
across nor is placed-on the paste line.

In a paste pattern drawing apparatus according to
any of the above aspects of the present invention, since
the measuring point of the displacement measuring
means is positioned so as not to interfere with the paste
line whick is drawn on the substrate with paste dis-
charged from the nozzle, any error does not occur in
the measurement of the clearance between the nozzle
and the substrate. Thus, the lines drawn with past to
form a paste pattern have substantially uniform sec-
tional shape along the entire lengths thereof.

The above and other objects, features and advantages
of the present invention will become apparent from the
following description with reference to the accompany-
ing drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side elevation of the essential portion of
one embodiment of a paste pattern drawing apparatus
according to the present invention;

FIG. 2 is an enlarged sectional view taken along the
line II—1II of FIG. 1;

FIG. 3 is a plan view of a substrate, illustrating the
positional relation between a paste applying point and a
measuring point in the paste pattern drawing apparatus
shown in FIGS. 1 and 2;

FIG. 4 illustrates distances between the paste apply-
ing points and the measuring points in the paste pattern
drawing apparatus shown in FIGS. 1 and 2;

FIG. § illustrates locations of the measuring points in
the paste pattern drawing apparatus shown in FIGS. 1
and 2;

FIG. 6 is a side elevation of the essential portion of
another embodiment of the paste pattern drawing appa-
ratus according to the present invention.

FIG. 7 is an enlarged sectional view taken along the
line VII—VII of FIG. 6;

FIG. 8 is a plan view of a substrate, illustrating the
positional relation between a paste applying point and
two measuring points in the paste pattern drawing appa-
ratus shown in FIGS. 6 and 7;

FIG. 9 is a plan view of a substrate, illustrating the
positional relation of the measuring points with respect
to the paste applying point, in accordance with the
directions of movements of the substrate during pattern
drawing performed by the paste pattern drawing appa-
ratus shown in FIGS. 6 and 7;

FIG. 10 is a side elevation of the essential portion of
still another embodiment of the paste pattern drawing
apparatus according to the present invention;
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FIG. 11 is a plan view of a substrate, illustrating the
positional relation of the measuring points with respect
to the paste applying point, in accordance with the
directions of movements of the substrate during pattern
drawing performed by the paste pattern drawing appa-
ratus shown in FIG. 10;

FIG. 12 is a side elevation of the essential portion of
a further embodiment the paste pattern drawing appara-
tus according to the present invention;

FIG. 13 is a plan view of a substrate, illustrating the
positional relation of measuring points with respect to a
paste applying point in the paste pattern drawing appa-
ratus shown in FIG. 12;

FIG. 14 is a partly sectional front view of the essen-
tial portion of still further embodiment of the paste
pattern drawing apparatus according to the present
invention;

FIG. 15 is a plan view of a substrate, illustrating the
positional relation between a paste applying point and
measuring points in still another embodiment of the
paste pattern drawing apparatus according to the pres-
ent invention; and

FIG. 16 is a plan view of a substrate, illustrating the
positional relation between the paste applying point and
the measuring points which shift according to the direc-
tions of the movement of the substrate during pattern
drawing performed in the positional relation between
the paste applying point and the measuring points
shown in FIG. 15.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to FIG. 1,.an X-Y axis table 1 of a paste
pattern drawing apparatus according to one embodi-
ment of the present invention has a substrate fastening
portion la provided on the top surface thereof and is
movable along the X and Y axes in the X-Y plane which
is perpendicular to the drawing sheet. A substrate 2 is
sucked and fastened to the X-Y table 1 by means of the
substrate fastening portion la. A paste container 3 and
an optical displacement meter 6 are mounted on a Z-axis
table 7 which is movable perpendicularly to the top
surface of the X-Y table 1 (along the Z-axis). The paste
container 3 has a nozzle 4 provided at a bottom end
portion thereof and is connected with a hose 5. Com-
pressed air or compressed 'nitrogen gas is supplied
through the hose 5 into the paste container 3 so as to
discharge the paste contained in the paste container 3
from an paste discharging opening of the nozzle 4. The
discharged paste is thus applied onto the substrate 2.

The optical displacement meter 6 measures the clear-
ance between the substrate 2 and the paste discharging
opening of the nozzle 4 (referred to as “the tip of the
nozzle 4” hereinafter). The results of the measurements
are sent as electric signals through a cable 8 to a control
unit which is not shown.

To draw a desired paste pattern, the paste is' dis-
charged from the tip of the nozzle 4 while the X-Y table
1is moved in the X-Y plane along both X and Y-axes or
either one of them. Simultaneously, the optical displace-
ment meter 6 measures the clearance between the tip of
the nozzle 4 and the substrate 2. According to the re-
sults of the measurements, the Z-axis table 7 shifts along
the Z-axis so as to maintain the clearance at a predeter-
mined desired constant distance. Thus, paste lines form-
ing a paste pattern will have a predetermined uniform
sectional shape along the entire lengths of the lines.
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Referring to FIG. 2, the optical displacement meter 6
has a light emitting portion 6a and a light receiving
portion 6b provided at the two opposing sides of the
nozzle 4. The light emitting portion 6a irradiates the
substrate 2 with a light beam at a predetermined angle
with respect to the Z-axis, which is perpendicular to the
top surface of the substrate 2. The light receiving por-
tion 6b receives the light beam reflected by the substrate
2. The portion of the substrate irradiated with the light
beam emitted from the light emitting portion 6a is
named as a2 measuring point 6¢c. The light emitting por-
tion 6a is set so that the measuring point 6¢ is in the
vicinity of the position on the substrate to which the tip
of the nozzle 4 is directed.

When the X-Y table 1 is moved in the X-Y plane and
the paste 9 is discharged from the tip of the nozzle 4, the
discharged paste 9 falls to a vicinity of the measuring
point 6c on the substrate 2 (the point to which the paste
9 falls will be referred to as “a paste applying point” 4
hereinafter). Thus, a pattern of the paste 9 is formed on
the substrate 2 as the X-Y table 1 is moved.

Referring to FIG. 3, the paste applying point 4a is
positioned on a one-dot line B extending along the X-
axis (in the direction indicated by the arrow X). A line
segment connecting the light emitting portion 62 and
the light receiving portion 65 is apart from and parallel
to the one-dot line B. Thus, the nozzle 4 is not disposed
between the light emitting portion 6z and the light re-
ceiving portion 65 and does not block the light from the
light emitting portion 6z via the measuring point 6¢ on
the substrate 2 to the light receiving portion 6b. To
position the measuring point 6¢ and the paste applying
point 4a-as close to each other as possible, the nozzle 4
is connected to an end portion of a paste conveying duct
3a which horizontally extends from a bottom end por-
tion of the paste container 3 to the vicinity of the mea-
suring point 6¢, as shown in FIG. 1.

The light emitting portion 6a and the light receiving
portion 6b of the optical displacement meter 6 and the
nozzle 4 are arranged such that the measuring point 6¢
is positioned on a one-dot line C which passes through
the paste applying point 4 and has a predetermined
angle 6 to the one-dot line B. According to this embodi-
ment, the angle 8 is about 45°,

In such arrangement according to this embodiment,
the components of the distance R between the paste
applying point 4a and the measuring point 6c which are
taken along the X and Y-axes (R cos@ and R sin6) are
approximately equal. If there is any difference between
the two components, such difference will be approxi-
mately equal to the error caused in the mounting of the
optical displacement meter 6. Since the substrate 2 is
moved along the X or Y-axis at a given moment, most of
the lines forming the paste pattern on the substrate 2 are
parallel to the X or Y-axis. Therefore, if the difference
between R sinf and R cos# is substantially zero as stated
above, the measuring point 6¢ will be positioned neither

on the formed paste pattern nor close thereto regardless

of whether the substrate 2 is moved along the X-axis or
the Y-axis, as shown in FIG. 4. Thus, the clearance
between the tip of the nozzle 4 and the substrate 2 can
be accurately measured, so that the paste lines of the
paste pattern will have a consistent sectional shape.
Referring to FIG. 4, if R sinf >R cosf and the sub-
strate 2 is moved in the direction indicated by the arrow
X, the distance (R sinf) between the measuring point 6¢
and the line B, which coincides with a locus of the tip of
the nozzle 4, is greater than R sin 45°. In other words,
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the clearance between the tip of the nozzle 4 and the
substrate 2 is measured at the measuring point 6¢, which
is farther from the nozzle tip than it is when 6 is approx-
imately 45°. If R sinf <R cos@ and the substrate 2 is
moved in the direction indicated by the arrow Y, the
distance (R cos#) between the measuring point 6¢ and
the line perpendicular to the line B, which coincides
with a locus of the tip of the nozzle 4, is greater than R
cos 45°. In other words, the clearance between the tip of
the nozzle 4 and the substrate 2 is measured at the mea-
suring point 6¢, which is farther from the nozzle tip than
it is when 6 is approximately 45°. Thus, if #:~45° and
thus R sinf —R cosf =0, the measuring point 6¢ is posi-
tioned closer to the locus of the nozzle tip than in other
cases regardless of whether the substrate 2 is moved
along the X-axis or the Y-axis. Accordingly, the clear-
ance between the tip of the nozzle 4 and the substrate 2
can be constantly measured with high accuracy.

When a photoresist paste pattern is formed according
to the above described conventional art disclosed in
Japanese Unexamined Patent Publication No. 2-52742,
the amount of applied paste tends to vary causing varied
resistances thereof. Therefore, to obtain a paste pattern
having a predetermined resistance, an excessive amount
of paste must be applied, and between the baking
thereof and the formation of a printed wiring, the paste
lines must be trimmed while the resistance thereof is
monitored. On the other hand, according to the above
embodiment of the present invention, such a trimming
process is not required since the amount of paste applied
per unit of time is consistent during the formation of a
pattern, i.e., the paste lines forming the pattern have
substantially the same sectional shape along the entire
lengths of the lines.

Although the angle 6 is about 45° according to this
embodiment, the angle § may be different from 45° as
long as the angle @ does not cause an intolerable differ-
ence in the measuring point-nozzle tip distance when
the substrate is moved along the X-axis and the Y-axis.

In addition, as shown in FIG. 5, the measuring point
6c may be any point selected from four points 6¢cl, 6¢2,
6¢3 and 6¢4, which are the intersecting points of a circle
having a radius R about the paste applying point 4 and
two lines each passing the paste applying point 4 and
having a predetermined angle 8 (e.g., §=45°") with re-
spect to the X-axis. As a matter of course, the radius R
should be as small as possible.

Further, the apparatus may be constructed such that
the measuring point 6c is shifted on the surface of the
substrate 2. In such a construction, the X-Y table 1 may
be moved in any direction on the X-Y plane and the
position of the measuring point 6c¢ is shifted according
to the direction of the X-Y table 1 so as to always take
a position on a line which passes the paste applying
point 4a and extends at an angle of 45° to the direction
of the movement of the X-Y table 1. By such positioning
of the measuring point 6c, the clearance between the tip
of the nozzle 4 and the substrate 2 can be accurately
measured regardless of the direction of the movement
of the substrate 2. The shift of the measuring point 6¢
may be either linear or rotational about the paste apply-
ing point 4a.

With reference to FIGS. 6 and 7, a paste pattern
drawing apparatus according to another embodiment of
the present invention will be described. Portions com-
parable to those of the foregoing embodiments are de-
noted by the same numerals, and the description of such
portions will not be repeated.
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A drive motor 10 and an X-axis shifting stage 11 are
mounted on a Z-axis table 7 which also has a paste
container 3, etc. The X-axis shifting stage 11 carries an
optical displacement meter 6. The X-axis shifting stage
11 is movable on the surface of the Z-axis table 7 and
parallel to the surface of the substrate 2. The drive
motor 10 drives the X-axis shifting stage 11 and is
driven by a driving circuit 13 which is controlled by a
control unit 12.

Referring to FIG. 8, when the control unit 12 sends a
control signal to the driving circuit 13 so that the drive
motor 10 moves the X-axis shifting stage 11, the optical
displacement meter 6, carried by the X-axis shifting
stage ‘11, is shifted in the direction indicated by the
arrow D paralle]l to the X-axis so that the measuring
point 6¢ is simultaneously shifted from a point 6c1 to a
point 6¢2.

Positioning of the measuring point 6¢ according to a
pattern being drawn will be described with reference to
FIG. 9.

A pattern is drawn along a solid line 14 in the direc-
tion indicated by arrows along the X-axis from an initial
point I to a corner P (toward the right), along the Y-axis
from the corner P to a corner N (upward), along the
X-axis from the corner N to a corner W (toward the
right), along the Y-axis from the corner W to a corner
S (downward), along the X-axis from the corner S to a
corner ‘T (toward the left), along the Y-axis from the
corner T to a corner V (upward), and along the X-axis
from the corner V to an end point E (toward the left).
The X and Y-axes are the same as in FIG. 8.

From the initial point I to the corner S, the measuring
point 6¢ is positioned at the point 6¢c1, which is right and
downward (as viewed on the drawings) of the. paste
applying point 4a (at an angle of approximately 45°
from the X and Y-axes when viewed from the paste
applying point 4g). The measuring point when posi-
tioned at the point 6¢1 does not go across the drawn
paste pattern when the direction of the pattern drawing
is changed at the corners P, N and W. The measuring
point 6¢1 will cross the solid line 14 between the corners
W and S when the paste applying point 42 moves along
the solid line 14 from the corner N and comes close to
the corner W. At this moment, however, paste is not yet
applied along the solid line 14 between the corners W
and S. Thus, no problem takes place.

When the paste applying point 4z reaches the corner
S, the control unit 12 (shown in FIG. 6) outputs a con-
trol signal so that the measuring point 6¢.is shifted from
the point 6¢1 to a point 6¢2 which is left and downward
(as viewed in the drawing of the paste applying point 4a
(at an angle of approximately 45° from the X and Y-axes
as viewed from the paste applying point 4q). Thus, the
measuring point 6¢2 will not cross the drawn paste
pattern while paste is applied along the solid line 14
from the corner S to the end point E. If the measuring
point 6c remains at the point 6c1, which is right and
downward of the paste applying point 4, the measuring
point 6¢1 will cross the painted paste pattern when the
direction of the pattern drawing movement of the noz-
zle 4 is changed at the corners T and V. Such crossing
will cause errors in the measurements of the clearance
between the tip of the nozzle 4 and the substrate 2.

In this manner, the clearance between the tip of the
nozzle 4 and the substrate 2 can be accurately measured
at real time from the initiation to the end of the drawing
of a desired paste pattern without the measuring point
6c¢ crossing the drawn paste lines.

5

20

25

30

35

40

45

35

65

8

FIG. 10 illustrates the essential portions of still an-
other embodiment of the paste pattern drawing appara-
tus according to the present invention. In the figure, the
portions thereof equivalent to those shown in FIG. 6
are denoted by the same numerals.

According to this embodiment, a drive motor 10 and
an X-axis shifting stage 11 are mounted on a Z-axis table
7, which carries a paste container 3, etc. A second drive
motor 16 and a Y-axis shifting stage 17 are mounted on
the X-axis shifting stage 11. The Y-axis shifting stage 17
carries an optical displacement meter 6. As in the fore-
going embodiment shown in FIGS. 6 and 7, the X-axis
shifting stage 11 is movable on the surface of the Z-axis
table 7 and parallelly to the X-axis of an X-Y table 1
carrying a substrate 2. The drive motor 10, which
moves the X-axis shifting stage 11, is driven by a driving
circuit 13 which is controlled by a control unit 12. The
Y-axis shifting stage 17 is movable parallelly to the
surface of the substrate 2 and perpendicularly to the
X-axis of the X-Y table 1, i.e., parallelly to the Y-axis of
the X-Y table 1. The second drive motor 16, which
moves the Y-axis shifting stage 17, is driven by a second
driving circuit 15 which is controlled by the control
unit 12.

Referring to FIGS. 8 and 10, when the control unit 12
sends a control signal to the driving circuit 13 so that
the drive motor 10 drives the X-axis shifting stage 11,
the optical displacement meter 6 is shifted in the direc-
tion indicated by the arrow D parallel to the X-axis and,
thereby, the measuring point 6¢ is shifted in the same
direction. When the control unit 12 sends a control
signal to the second driving circuit 15 so that the second
drive motor 16 drives the Y-axis shifting stage 17, the
optical displacement meter 6 is shifted perpendicularly
to the direction indicated by the arrow D and, thereby,
the measuring point 6c¢ is also shifted perpendicularly to
the direction indicated by the arrow D. By such opera-
tions of the X-axis and Y-axis shifting stages 11 and 17,
the measuring point 6¢ can be positioned at any of the
four points 6c1, 6¢2, 6¢3 and 6¢4 around the paste apply-
ing point 4a, as shown in FIG. 5.

FIG. 11 illustrates shifting of measuring point 6¢
according to this embodiment when the paste pattern to
be drawn is the same as in FIG. 9. The four points 6cl,
6c2, 6¢3 and 6¢c4 shown in FIG. 11 correspond to the
four measuring points shown in FIG. 5.

Referring to FIG. 11, from the initial point I to the
corner W, the measuring point 6¢ is positioned at the
point 6¢c4 which is right and upward (as viewed on the
drawing) of the paste applying point 4a (at an angle of
approximately 45° to the X and Y-axes as viewed from
the paste applying point 44). The measuring point 6¢
positioned at the point 6c4 will not cross the drawn
paste line when the direction of the pattern drawing is
changed at the corners P and N. The measuring point
6¢4 will cross the solid line 14 between the corners P
and N when the paste applying point 4a¢ moves along
the solid line 14 from the initial point I and comes close
to the corner P. At this moment, however, the paste is
not yet applied along the solid line 14 between the cor-
ners P and N.

When the paste applying point 4a reaches the corner
W, the control unit 12 (shown in FIG. 10) outputs a
control signal to the second driving circuit 15 so that
the measuring point 6¢ is shifted along the Y-axis and
outside the solid line 14 to the point 6¢c1 which is right
and downward of the paste applying point 4a (at an
angle of approximately 45° to the X and Y-axes as
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viewed from the paste applying point 42). The thus
positioned measuring point 6c1 will not cross the paste
line drawn between the corners W and S. When the
paste applying point 4a reaches the corner S, the con-
trol unit 12 outputs a control signal to the driving cir-
cuit 13 so that the measuring point 6c is shifted along the
X-axis and outside of the solid line 14 to the point 62
which is left and downward of the paste applying point
4a (at an angle of approximately 45° from the X and
Y-axes as viewed from the paste applying point 4a). The
thus positioned measuring point 6¢2 will not cross the
paste line drawn between the corners S and T. When
the paste applying point 4a reaches the corner T, the
control unit 12 outputs a control signal to the second
driving circuit 15 so that the measuring point 6¢ is
shifted along the Y-axis and outside the solid line 14 to
the point 6¢3 which is left and upward of the paste
applying point 4a (at an angle of approximately 45°
from the X and Y-axes as viewed from the paste apply-
ing point 4a). The thus positioned measuring point 6¢3
will not cross the paste line drawn between the corner
T and the end point E. The measuring point 6c3 will
cross the solid line 14 between the corner V and the end
point E when the paste applying point 4 moves along
the solid line 14 from the corner T and comes close to
the corner V. At this moment, however, the paste is not
yet applied along the solid line 14 between the corner V
and the end point E.

The measuring point 6c shifted in the described man-
ner always precedes the paste applying point 4a during
the relative movement thereof on the substrate 2. If the
light emitting portion 64 and the light receiving portion
6b of the optical displacement meter 6 are arranged on
a line parallel to the X-axis as shown in FIGS. 3 and 8,
the light from the light emitting portion 6a is blocked by
the tip of the nozzle 4 when the measuring point 6¢ is
shifted at the corner from the point 6¢4 to the point 6c1
in FIG. 11. In such a case, the output signal of the opti-
cal displacement meter 6 should preferably be switched
off so that a control system which controls the Z-axis
table 7 will not malfunction.

If the light path is shifted under the tip of the nozzle
4 when the measuring point 6¢ is shifted, it is not neces-
sary to switch off the output signal of the optical dis-
placement meter 6.

According to this embodiment, the measuring point
6c is so positioned with respect to the paste applying
point 4a as to always precede the paste applying point
4 as viewed from the tip of the nozzle 4 moving rela-
tive to the substrate 2 and take the same position with
respect to the paste applying point 4a. Thus, the posi-
tional condition in measurement of the clearance be-
tween the tip of the nozzle 4 and the substrate 2 is main-
tained constant. Further, the measuring point 6c does
not cross the drawn paste line. Therefore, the clearance
between the tip of the nozzle 4 and the substrate 2 can
be measured with high accuracy.

The embodiment shown in FIG. 10 may be modified
such that the drive motor 10, the X-axis shifting stage 11
and the driving circuit 13 are omitted so that the optical
displacement meter 6 mounted on the Y-axis shifting
stage 17 is movable solely along the Y-axis. In such a
construction, the operation is similar to that of the em-
bodiment shown in FIG. 6. The clearance between the
tip of the nozzle 4 and the substrate 2 is measured with-
out the measuring point 6¢ crossing a drawn paste lines
during the drawing of the paste patterns. Therefore,
favorable paste patterns can be obtained.

20

25

45

50

55

60

65

10

FIG. 12 is a side view of the essential portions of a
further embodiment of the paste pattern drawing appa-
ratus according to the present invention. Portions in the
figure comparable to those shown in FIG. 1 are denoted
by the same numerals and the description of such por-
tions will not be repeated.

An optical fiber type displacement meter 18 is
mounted on a Z-axis table 7. Four pairs of fibers 194,
19b, 19¢ and 19d extend from the fiber type displace-
ment meter 18 and have end portions supported by a
fiber supporting drum 20 which is connected at its cen-
tral portion to a lower end portion of a paste container
3. The end portions of the fibers are arranged at equal
intervals on a circle having its center disposed on the
axis of the tip of the paste container 3 and face a sub-
strate 2.- The optical fiber type displacement meter 18
emits light which travels though the pairs of fibers 194,
195, 19c and 194 to the surface of the substrate 2, re-
ceives the reflected light through the fiber pairs and
then outputs the results of measurements obtained using
the pairs of fibers 194, 195, 19¢ and 194. A control sec-
tion 21 takes one or two of the measurement outputs to
calculate the clearance between the tip of a nozzle 4 and
the substrate 2. A driving section 22 comprising 2 motor
is controlled according to the calculated clearance
value so as to move the Z-axis table along the Z-axis.

The measuring points are the points on the substrate
2 which are irradiated with the light beams from the end
portions of the pairs of fibers 19a, 195, 19¢c and 194. An
example of arrangement of the measuring points is
shown in FIG. 5. The measuring points 6c1, 6¢2, 6¢3 and
6¢c4 in FIG. 5 are the measuring points of the pairs of
fibers 19a, 195, 19¢ and 194, respectively. According to
the direction of the relative movement of the nozzle 4
with respect to the substrate 2, the control section 21
(shown in FIG. 12) selects and takes one of the four
measurements obtained using the measuring points 6¢1,
6c2, 6c3 and 6¢c4. As in the foregoing embodiment
shown in FIGS. 10 and 11, the measuring point 6¢ al-
ways precedes the paste applying point 42 during the
application of the paste, achieving substantially the
same effects as in the foregoing embodiments.

FIG. 13 illustrates another example of the positional
relation of the measuring points according to the em-
bodiment shown in FIG. 12.

In FIG. 13, points 6¢c-a to 6¢-d are the measuring
points of the pairs of fibers 19a to 194, respectively. The
points 6¢c-a to 6¢c-d are on the circle having its center
disposed at the paste applying point 4a. The points 6¢c-a
and 6c-c are on a line extending through the paste apply-
ing point 4a and paralle] to the X-axis. The points 6¢-b
and 6¢-d are on a line extending through the paste ap-
plying point 4a and parallel to the Y-axis.

When the movement of the nozzle 4 relative to the
substrate 2 is along the Y-axis, the control section 21
selects and takes the measurements obtained using the
two points 6¢c-a and 6¢-c which are at the opposite sides
of the paste applying point 4a. Then, the control units
21 sends the mean of the two measurements as the value
of the clearance between the tip of the nozzle 4 and the
substrate 2 to the driving section 22 (shown in FIG. 12)
which accordingly moves the Z-axis table 7 along the
Z-axis. When the movement of the nozzie 4 relative to
the substrate 2 is along the X-axis, the control section 21
selects and takes the measurements obtained using the
other two points 6c-b and 6¢c-d which are at opposite
sides of the paste applying point 4a. Then, the control
section 21 sends the mean of the two measurements as



5,437,727

11

the value of the clearance between the tip of the nozzle
4 and the substrate 2 to the driving section 22 (shown in
FIG. 12) which accordingly moves the Z-axis table 7.

By using the mean of the two measurements obtained
using two measuring points which are positioned sym-
metrically about the paste applying point 4a, accurate
measurements of the clearance between the tip of the
nozzle 4 and the substrate 2 can be constantly obtained,
for example, even if the surface of the substrate 2 has an
slope near the paste applying point 4a.

Although the optical displacement meter 6 is linearly
shifted in the foregoing embodiments described with
reference to FIGS. 1 to 11, the optical displacement
meter 6 may be rotatably supported on the Z-axis table
7 so as to be rotated around the axis of the nozzle 4
along the circumference of a circle of a radius of R
having its center disposed at the paste applying point 4a.
Such embodiment will be described with reference to
FIG. 14. A bracket 25 is mounted on a Z-axis table 7.
An outer race of a bearing 26 is rigidly connected to the
bracket 25. An inner race of the bearing 26 is connected
at its top portion with a spider 27 and at its bottom
portion with an L-shaped mounting member 28. The
spider 27 is connected by means of a shaft 29 to a motor
30 which is mounted on the Z-axis table 7. An optical
displacement meter 6 and a paste container 3 having a
nozzle 4 at its bottom portion are mounted on the
mounting member 28 coaxially with motor 30.

When the motor 30 is operated, the rotation of the
motor 30 is transmitted through the shaft 29, the spider
27 and the inner race of the bearing 26 to the mounting
member 28 so that the measuring point 6¢ of the optical
displacement member 6 rotates along the circle having
a radius R and its center disposed on the center axis
(indicated by a one-dot line) of the paste container 3,
i.e,, at the paste applying point 4a. Therefore, the mea-
suring point 6¢c can be positioned at any one of the four
points 6¢1 to 6c4 shown in FIG. 5 according to the
direction of the movement of the nozzle 4 relative to the
substrate ‘2. Further, the measuring point 6c may be
positioned not only at the four points 6¢1 to 6¢c4 but also
at any point on the circle based on the rotational angle
of the motor 30.

Although, in the foregoing embodiments, the X-Y
table 1 is moved along the X-axis and/or the Y-axis in
order to provide relative movements between the X-Y
table 1 and the nozzle 4, the nozzle 4 may be moved
instead of the X-Y table 1 along the X-axis and/or the
Y-axis.

While two measuring points are used at a time to
measure the clearance between the tip of the nozzle 4
and the substrate 2 according to the embodiment shown
in FIGS. 12 and 13, another number of the measuring
points may be used. Further, any desired method may
be used to select measuring points for the measurement
as long as the selected measuring points will not move
across or come too close to a drawn paste pattern. In
addition, although all the paste patterns used in the
described embodiments are solely formed of straight
lines, paste patterns including curved lines, e.g., at cor-
ners, can be drawn without the measuring points com-
ing too close to or crossing a drawn paste line if suitable
measuring points are used at such curved portions.

While, according to the foregoing embodiments, the
measuring points are shifted parallelly or perpendicu-
larly to the direction of the movement of the nozzle 4,
the measuring points may be shifted diagonally to the
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direction of the movement of the nozzle 4 according to
the following embodiment.

As shown in FIG. 15, an optical displacement meter
6 is diagonally arranged at an angle a to the direction X
(or Y) of the movement of the nozzle 4 or to the direc-
tion Y (or X) perpendicular thereto. Such arrangement
of the optical displacement meter 6 may become clear if
compared with the arrangement shown in FIG. 3.

The optical displacement meter 6 is shiftable longitu-
dinally or laterally (in the direction indicated by an
arrow dI or d2). It is assumed that the optical displace-
ment: meter 6 is shifted longitudinally in the direction
indicated by the arrow d1. Assume two lines, one pass-
ing the initial measuring point 6¢ in the direction indi-
cated by the arrow d1, and other passing the paste ap-
plying point 42 in the direction perpendicular to the
direction indicate by the arrow d1 (namely, in the direc-
tion indicated by the arrow d2). If the optical displace-
ment meter 6 is shifted by a distance equal to two times
of the distance between the intial measuring point 6¢
and the cross point of said two lines, the initial measur-
ing point 6¢ and the shifted measuring point 6¢ on said
one line are relatively located in mirror image symme-
try with respect to said the other line. Thus, the shifted
measuring point is not located on the line along which
the paste applying point 4¢ is moved.

FIG. 16 illustrates a paste pattern drawn by a paste
pattern drawing apparatus shown in FIG. 15. In FIG.
16, the solid line indicates the paste pattern, while the
broken line indicates the locus of the measuring point 6¢
which moves together with the nozzle 4. According to
this embodiment a complicated pattern including a bat-
tlement shape shown in the figure can be easily drawn
by shifting the measuring point only at a corner M.

As described above, according to the present inven-
tion, the clearance between the tip of the nozzle and the
substrate can be measured with high accuracy during
drawing of not only rectangular patterns but also any
other desired patterns. Therefore, paste patterns formed
by paste lines having a consistent sectional shape along
the entire lengths thereof can be obtained.

What is claimed is:

1. A paste pattern drawing apparatus including:

a table having a top portion which supports a sub-

strate:
a paste container for containing paste;
a nozzle connected to said paste container and having
a paste discharging opening which faces a top sur-
face of the substrate supported by said table;

means for moving at least one of said table and said
nozzle relative to the other so that relative move-
ment between said table and said nozzle can be
effected in at least two directions perpendicular to
each other;
said paste being discharged from said nozzle while
said at least one of said table and said nozzle is
moved relative to the other so that a desired pat-
tern of said paste is drawn on said substrate;

optical displacement measuring means for measuring
a clearance between said substrate and said paste
discharging opening of said nozzle ‘at a measuring
point on said substrate; and

clearance adjusting means for adjusting the clearance

between said substrate and said paste discharging
opening of said nozzle according to a result of the
measurement provided by said optical displace-
ment measuring means so that said clearance is
maintained at a desired distance;
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wherein said measuring point of said optical displace-
ment measuring means is positioned on a first line
on said substrate passing through a paste applying
point on said substrate to which the paste dis-
charged from said nozzle falls and said first line
having a certain angle which is substantially 45° to
a second line on said substrate passing through said
paste applying point and being parallel to a direc-
tion of the relative movement of said substrate and
said nozzle, and said measuring point being spaced
by a desired distance from said paste applying
point.

2. A paste pattern drawing apparatus according to
claim 1, wherein said means for moving can effect rela-
tive movement of said optical displacement measuring
means together with said nozzle relative to said sub-
strate in said at least two directions perpendicular to
each other.

3. A paste pattern drawing apparatus according to
claim 2, further comprising means for moving said opti-
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cal displacement measuring means relative to said noz-
zle so as to move said measuring point such that said
measuring point precedes said paste applying point as
viewed in the direction in which said nozzle is moved
relative to said substrate.

4. A paste pattern drawing apparatus according to
claim 2, further comprising means for moving said opti-
cal displacement measuring means relative to said noz-
zle so as to move said measuring point obliquely to the
direction of relative movement of said nozzle with re-
spect to said substrate.

S. A paste pattern drawing apparatus according to
claim 4, further comprising means for moving said opti-
cal displacement measuring means relative to said noz-
zle so as to move said measuring point such that said
measuring point precedes said paste applying point as
viewed in the direction in which said nozzle is moved

relative to said substrate.
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